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Abstract 
In the economy of the twenty-first century, innovative organizations will play a major role in shaping a society that is 
more committed to the needs of a milieu subjected to forces of a diverse nature. This paper proposes an initial framework 
for conceptualizing innovation using the perspective of complexity science and its elements. There are challenges and 
questions to be answered even within this context; however, an overview from other angles and approaches can help 
expand our understanding of the implementation of the creative processes essential for organizations as they move 
towards the adoption of innovation as their modus operandi. 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
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1. Introduction 
We live in an age of great complexity, in which globalization, open economies and the information 
revolution converge to affect the way we learn, how we communicate and how we interact to buy, sell and 
share goods and services. Throughout the world, the areas of research and technological development are 
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increasingly compelled to effect changes in order to maintain a pace of advance commensurate with the 
requirements of a knowledge society, as well as to provide urgently needed solutions to the fundamental 
challenges we are facing: water, climate change, extreme poverty and sustainability, among others. Current 
conditions present exigencies that in past decades were less pressing. For example, the gradual but 
nevertheless dramatic shift of the financial and technological centers of gravity towards Asia, among other 
phenomena of global reach, is one of the elements that cannot be ignored if we are to achieve a new culture of 
innovation in organizations. 
The challenges associated with the long-awaited arrival on the market and commercialization of scientific 
and technological knowledge has led to the creation of new structures within organizations. In order to grant 
innovation and its processes a working space with increasingly more presence until it gradually permeates all 
the affairs and internal actions of the organization, such structures must evolve and adapt to conditions that, 
often, are on the brink of chaos. Therefore, innovation, which can be understood as a process of introducing 
new ideas that create value in a radical and systematic way, plays a key role for countries and organizations 
wishing to address the challenges and reap the benefits of a new global economic environment in which the 
threat of being effectively left behind by failing to implement its measures or ignoring its implications for 
productive, social and educational processes looms large. In this scenario, it is essential that innovation not be 
conceptualized by means of a reductionist viewpoint that ignores the important interrelationships between the 
elements and actors that integrate and set in motion the creative processes that arise in organizations either 
spontaneously or deliberately.  
As a result, organizations require a new vision, in which innovation is perceived as one of the key tools for 
the transformation of their culture, imbuing it with a sense of humanism, solidarity, sustainability and social 
responsibility [1]. The implications of the conceptualization of organizations as complex systems in 
continuous change will affect how innovation processes are faced and set in motion. By understanding this 
dynamic, better decisions can be made and the interactions and diversity of all the members of the 
organization can be tapped to its advantage.  
The aim of this article is not to establish a definition of innovation, much less to propose a specific strategy 
for implementing successful innovation processes, rather its main purpose is to attempt to conceptualize 
innovation from a perspective that takes into account its interdisciplinary and convergent nature, its nonlinear 
behavior and the processes of adaptation, interaction, self-organization and emergence that characterize it, all 
of which are distinctive elements of the incipient science of complexity. This is a not inconsiderable objective, 
and we must recognize that it is only the beginning of an exploration on an already unpredictable, though not 
totally uncertain, path. At the same time, it should be noted that we do not intend to produce a final product or 
treatise on complexity science or innovation. This paper specifically proposes a pragmatic approach in which 
each organization defines its own frame or frames of reference, and to this end we suggest some key elements 
that should be considered as an initial platform for launching a comprehensive, holistic approach that 
incorporates the triad of planning-action-reflection. 
The paper is organized as follows: in section 2 we discuss the contributions and approaches from different 
authors regarding the connection between innovation and complexity. In section 3 we offer a basic framework 
for the conceptualization of innovation from a complexity perspective and in section 4 we close our paper 
with final remarks recognizing that our exploration is only the start of a journey that entails a further and more 
in depth analysis of the role of complexity in creating innovation environments.  
2. Why is a perspective of innovation from Complexity Science relevant?  
Currently various different fields of knowledge are focusing considerable attention on complexity science, 
thereby also serving simultaneously as a stimulus for its advancement. To date, although there is as yet no 
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complete theory of complexity science, many endeavors are underway to develop one, not only in the context 
of the so-called exact sciences, but also in the administrative and social sciences. In the case of the latter, the 
objective is that through the lens of complexity science a more comprehensive, coherent and holistic 
understanding of the creation and development of the processes of entrepreneurship, organizational 
development and, above all, innovation, may be obtained. To arrive at such a perspective, an appreciation of 
human dynamics is crucial; this in turn requires a grasp of the dynamics of networks: networks of people, 
networks of families, networks of actions and networks of words, among others, since such networks 
comprise the foundation for improving the quality of social interaction that can potentially lead to the 
implementation and support of the creative processes that give rise to innovation initiatives in organizations 
[2],[3]. 
From the outset, a definition or conceptualization of innovation that refers to and highlights its key 
elements must be established. As there is a plethora of definitions and visions of innovation, for the purposes 
of this article, I quote from what Medina et al [4] proposes in regards to innovation in the educational context: 
Innovation is a multidirectional, multicausal and multicultural process that has unpredictable effects 
on structures, agents and functions… Innovation requires a holistic perspective that synthesizes the 
design of new theoretical and methodological approaches with critical reflection processes on the 
explanatory limits of disciplines, and the construction of transdisciplinary epistemic units that 
approach reality from complexity... 
These authors believe that innovation is not an end in itself but a means for achieving institutional 
transformation, a position fundamentally incompatible with a reductionist conception of innovation, i.e. a 
view that considers elements in isolation from each other and from the needs of society. In today’s knowledge 
society, collaboration and networking are essential influences on the vital processes of organizations, which 
depend for their effectiveness on diverse interrelated factors, some of them unexpected.  
From the perspective of technological innovation, there are a number of models that have attempted to 
deepen our knowledge of innovation processes and technological change in the economy. At the same time, 
other approaches have emerged that focus on models of technological innovation based on complexity science 
[5]. In the latter, technological innovation can be viewed from two relevant frames of reference: (1) 
complexity refers to structures with complex interaction between the components in a technological system; 
and (2) complexity refers to structures with interaction among agents in innovation networks. In both 
frameworks, substantial research is needed to strengthen the methodological arguments where these 
interactions are a key issue to understand and resolve.  
Furthermore, it is interesting to consider a social conception of innovation in which large-scale changes 
require transdisciplinary and transversal coordination in order to achieve collective—as opposed to isolated—
impact with a common agenda and shared vision that unifies the definitions of the problems and goals to be 
met. With such a perspective of social innovation we can arrive at a vision of the organization that emphasizes 
service to society and thereby identify its contribution to social responsibility [6]. From any of its angles, 
innovation is nurtured by systems that are continuously changing in unforeseen ways. These evolving 
processes provide the impetus for large-scale changes in the sciences, in the economy and in culture [7], [8]. 
Given its nature and stage of development, complexity science comprises more than one theoretical 
framework from which biologists, anthropologists, economists, sociologists, environmentalists, engineers 
(and other interrelated disciplines) attempt to respond to fundamental questions about the dynamics of organic 
and adaptable systems as well as the relationships between such systems and their essential components (see 
Figure 1) [9]. It is worth mentioning the important confluence of research papers and analyses that have been 
written establishing a seminal foundation and starting point from which complexity science has evolved, 
attracting the interest of specialists from different fields of knowledge. It is on this platform that the proposal 
presented in this paper is based [10], [11], [12], [13], [14], [15], [16].  
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Fig. 1 Interdisciplinarity in complexity science. Adopted from [9] 
 
The interdisciplinary nature of complexity science shown in Figure 1 has enabled the exploration of its 
application in the energy, health and environmental sectors, in climate prediction, production processes, crisis 
management and other areas. In other words, it is expected that complexity science, as a result of its 
transversality, will find applications in various aspects and fields of knowledge, economy and culture. 
Likewise, complexity science encourages examination of the unpredictable and unstable aspects of 
organizations and complements our knowledge of how they function by incorporating the elements of 
“emergence”, “nonlinearity” and “self-organization”, which are shown in Figure 2 and briefly described in the 
following paragraphs.  
The concept of emergence, which is central to complexity science, is understood in basic terms as the 
process in which the combination of elements generates something that did not exist before or was not 
considered as a possible outcome.  Currently, there are several conceptualizations about emergence [17], [18]. 
However, for the purposes of this article, it is sufficient to emphasize the importance of emergence in 
organizational dynamics, as a result of patterns of interrelationships between actors (agents), suggesting an 
inability to accurately predict how a system evolves. 
Linearity refers to the correlation between the size of the change and the size of the input into a system. 
Small input will have a small effect whereas greater input will have a greater effect. In a complex system with 
the attributes shown in Fig. 2, however, the size of the outcome is not directly proportional to the magnitude 
of the input. In a nonlinear system a strong impulse in a certain direction may not cause any movement at all.  
Another basic element of a complexity science perspective is self-organization. The interrelation and 
interaction between all actors in an organization trigger significant processes with an impact greater than that 
of the individual operation of these same actors. In other words, the individual actor is not the critical factor; 
rather it is the relationship between all actors. This is not to minimize the importance of the skills and 
capacities of individual actors; however, it is important to incorporate and take advantage of such attributes in 
conjunction with the interactions between all the members of the organization. In such a context, distributed 
control, the result of interactions in a complex system, emerges as a self-organizing process that is not 
designed or controlled by a centralized entity. 
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Fig. 2   Basic elements of a complexity science perspective 
 
Since the science of complexity provides a holistic approach to the study of organizational dynamics, it is a 
useful tool for apprehending the conditions in which innovation arises and for identifying the elements that 
will allow it to be sustained and become viable. In this sense, a vision of innovation from the perspective of 
complexity science can aid organizations to realize the significance of strategic planning in turbulent times 
and to appreciate how it can trigger or, as the case may be, inhibit the creative potential in an organization. 
Above all, complexity science fosters an examination of the unpredictable, disorderly and unstable aspects of 
a given environment, thus complementing our traditional vision and understanding of innovation so as to have 
a more complete picture of its dimensions and impact [19], [20]. 
3. An initial framework  
Figure 3 outlines the elements of the proposed framework, which considers the factors involved in 
observing innovation from the perspective of complexity science. As shown in Fig. 3, initial conditions must 
be created so that key agents in the organization understand the nature of its environment. 
Based on their understanding of the conditions of the environment, agents must identify, as part of an 
initial approach, the innovation process factors on which they wish to focus. After several iterations, the 
dynamics of consultation and interaction between all the agents are refined in workshops which explore how 
to implement the basic concepts furnished by complexity science with the aim of establishing an organization 
more committed to innovation. 
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Fig. 3. Framework for conceptualizing innovation from the perspective of complexity science. 
 
A concrete outcome of interaction between agents in an organization seeking to trigger innovation is to 
succeed in changing mental models, orienting them towards collaboration and cooperation. During this stage, 
permeating institutional dynamics with the elements of a new humanism is essential for grasping that success 
can be achieved in the wrong place and with the least likely agent [1]. The practice of interactions that apply 
the dynamics of planning, action and reflection refines the individual and collective vision, to which the 
perspective of complexity science can contribute, by empowering the creative processes that the organization 
hopes to set in motion.  
Creating environments that spark innovation, as suggested in Figure 3, requires taking into account aspects 
such as resilience, otherness and quality of interactions as essential elements that inherently entail the need to 
adopt an attitude of learning at all stages of the process. Consequently, in this article we advocate a vision of 
innovation as understood from a developmental perspective that allows us to deal with its complexity as a 
process requiring constant attention at all stages of growth, similar to the process of educating and raising a 
family. This requires a posture of humility as well as solidarity and end-to-end accompaniment; in other 
words, it calls for the deployment of a new type of leadership focused on service to society.  
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4. Final remarks: The search continues 
In closing, we wish to reiterate that complexity science is an emerging field with different lines of thought, 
whose theoretical models are developed at the confluence of diverse branches of knowledge, thus bringing 
together complementary or even, in some cases, divergent worlds or visions. For example, research and 
management converge in seeking a new perspective of innovation that supports its dissemination and 
sustainability within organizations. Biological aspects penetrate social and physical spheres refining our 
understanding of interrelated organic processes. Given the importance of innovation in a globalized and 
interconnected world, it is pertinent to seek new avenues to promote its adoption and appropriation. On this 
journey there is much to discover and as well as a need to recognize that we must distinguish between the 
myths and realities associated with innovation in order to truly and effectively harness its potential through 
the perspective offered by complexity science. In short, innovation proceeds at different speeds in different 
places-it is, after all, an organic phenomenon. 
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